The aim of the current research was to perform two "green chemistry" extractions (ultrasound and microwave irradiation) with methanol, 70% (v/v) ethanol and water for extraction of biologically active substances from elecampane (Inula helenium L.) roots and to compare their contents in all extracts. The presence of carbohydrates (sugars, fructooligosaccharides and inulin), total phenols and flavonoids were established. In vitro antioxidant potential was also evaluated by four assays (DPPH, ABTS, FRAP and CUPRAC). Water extracts obtained by ultrasound-assisted extraction (UAE) showed the highest value of inulin (38 g/100 g dry weight plant material). The highest antioxidant activity was possessed by the 70% (v/v) ethanol extracts obtained by UAE: DPPH -107.2 mM TE/g dw, ABTS -86.0 mM TE/g dw, FRAP -67.0 mM TE/g dw and CUPRAC -173.0 mM TE/g dw, respectively. The reason for this probably depended on the highest content of total phenols in the 70% UAE ethanol extract {7.9 mg GAE/g dw, phenolic acids (chlorogenic, caffeic, p-coumaric, sinapic and ferulic acids)}, especially chlorogenic acid (1.84 mg/g) and flavonoids (quercetin, kaempferol and catechin; 26.4 mg QE/g dw). UAE was evaluated as a promising approach for the simultaneous extraction of bioactive compounds (dietary fibers and antioxidants) from elecampane roots in comparison with microwave irradiation.
Nowadays, the "green" methods for extraction of phytochemicals from medicinal plants gain more attention because of reducing time, energy and expense [3, 10, 11] . The new approach for chemical constituent isolation is the application of ultrasound and microwave irradiation for acceleration of the extraction process of the polysaccharides and other phytochemicals from elecampane [10] [11] [12] [13] [14] . Previous studies demonstrated the efficiency of alantolactone and isolanatolactone extraction from elecampane roots by UAE [10] [11] [12] and microwave assisted extraction (MAE) [13] . Compared with heat reflux extraction, UAE and MAE were more efficient and timesaving for the isolation of alantolactone and isoalantolactone from elecampane [11] [12] [13] . In addition, UAE was applied for extraction of total phenols [2] , phenolic acids, especially chlorogenic and caffeic acid [3] , flavonoids [11] and inulin from Inula helenium roots [14] [15] [16] .
Until now, no relevant studies of the phytochemical profile of Inula helenium roots grown in Bulgaria were available. Earlier, Petkova et al. [16] reported the isolation of high molecular weight inulin (DP 30-33) from elecampane roots by UAE. However, the influence of microwave irradiation on the extraction process of sugars and inulin from elecampane roots was not studied. To the best of our knowledge the influence of extraction solvents with different polarity, together with the extraction techniques based on the principles of 'green' chemistry for the isolation of phytochemicals from elecampane roots was not investigated in detail.
Therefore, the aim of the current research was to perform two "green chemistry" extraction approaches (UAE and MAE) with methanol, 70% (v/v) ethanol and water for extraction of biologically active substances from elecampane roots and to compare their content in all extracts. The main interest was to evaluate elecampane root as a natural source of pharmaceuticals (inulin and polyphenols) with improved health benefits.
The screening of carbohydrates in the different extracts of elecampane roots was qualitatively made by TLC analysis (Table  1) . TLC chromatograms showed that large numbers of carbohydrates were successively extracted by UAE and MAE with short extraction times. The presence of fructose (R f = 0.50), sucrose (R f = 0.44), fructooligosaccharides (FOSs), including 1-kestose (R f = 0.37), nystose R f = (0.32) and 7-8 FOSs oligomers, equivalent to Frutafit ® CLR DP=7-9 (3 mg/mL) were established in the elecampane extracts (10 μL). High-molecular weight inulin that coincided with the used standard chicory inulin (DP=22) (3 mg/mL) was found only in water and 70% (v/v) ethanol extracts, because of its solubility.
The data from spectrophotometric and HPLC-RID analyses are summarized in Table 1 . [17] [18] [19] . In the current study, the total fructan and inulin content obtained by UAE (42 g/100 g dw) was close to our earlier reported data by conventional extraction [19] , as the analyzed roots had the same batch number. Therefore, UAE shortened the extraction time from six hours to 40 min and improved the efficiency (yield -58 % by water extraction).
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In addition the obtained elecampane extracts contained phenolic compounds. The amount of total phenolic and flavonoid contents varied with the different solvents used for UAE and MAE ( Table 2 ).
The highest values for total phenols were found in 70% ethanol extracts of I. helenium roots after UAE -7.87 mg GAE/g dw. Our results were significantly higher than the previously reported data [2, 20] . However, the polyphenol content in 70% (v/v) ethanol extracts was higher than that in the UAE 30% ethanol extracts (6.13 mg/g dw) [2] and conventional extracts of elecampane roots [19] -3.5 mg/g dw. The values for the total phenolic content in UAE methanol extracts (5.84 mg GAE/g dw) were higher than their content in 100% [21] and 80% methanol -3.65 mg/100 g dw [20] . The total flavonoids content was also the highest in the 70% (v/v) ethanol elecampane extract using UAE-23.9 mg/g dw ( Table 2) . nf -not found; MeOH -methanol, EtOH -ethanol, TPC -Total phenolic content expressed as mg GAE /g dw; TF -total flavonoids expressed as mg QE/g dw, These data confirmed the efficiency of the extraction process of flavonoids by UAE [11, 12] . However, our results from the current research were higher than the previously reported values for the total flavonoids from the elecampane root obtained by 60% ethanol UAE in the same solid to solvent ratio (17.4±0.9) mg/g [11] .
Moreover, our results for total flavonoids in the 70% ethanol (MAE) extracts were consistent with those with 50% ethanol, with a solid to liquid ratio of 1:15 and MAE -18.3 mg/g [13] .
Scanty data for the antioxidant activity of foreign elecampane have been reported [20] [21] [22] . Our last study of the antioxidant capacity of 95% ethanol and subsequent water extracts of elecampane root (with the same batch number as these in this study) was evaluated by DPPH, ABTS, FRAP and CUPRAC [19] . To the best of our knowledge the antioxidant potential of UAE and MAE from elecampane roots still remained unevaluated. The current study showed that the highest antioxidant activity was possessed by 70% (v/v) ethanol extracts prepared by UAE (DPPH -107.2 mM TE/g dw, ABTS -86.0 mM TE/g dw, FRAP -67.0 mM TE/g dw and CUPRAC -173.0 mM/g dw). Our results were significantly higher than those of the 80% methanol UAE extracts [20] and 95% ethanol and subsequent water extraction of elecampane roots after conventional extraction [19] . In general, promising antioxidant capacity was possessed by the methanol and 70% ethanol extracts obtained by UAE and MAE. The antioxidant activity positively correlated with the highest values of total phenolic content and total flavonoids and was in accordance with Spiridon et al. [21] . Obviously, the total phenolic content measured by the FolinCiocalteu method could not give detailed information about the individual constituents of the studied extracts. Therefore, an HPLC UV-VIS method was used for identification of phenolic acids and flavonoids in elecampane roots ( Table 3 ). The identified compounds were flavonols, benzoic acid derivatives and cinnamic acid derivatives. The differences in their phytochemical content were probably due to the extraction methods used. The presence of 11 phenolic acids and 6 flavonoids was detected. Predominant flavonoids in the elecampane root extracts were quercetin (12), kaempferol (13) and myricetin (14) ( Table 3 ). The highest content of these compounds was found in the 70% (v/v) ethanol UAE extract. Chlorogenic acid (3) was the dominant phenolic acid in 70 % ethanol and methanol UAE extracts -1.84 mg/g and 1.34 mg/g dw, respectively. (5), p-coumaric (6), sinapic (7) and ferulic (8) acids were also found in 70% (v/v) ethanol UAE extracts. This is the first report of the detection of sinapic and vanillic acids, as well as myricetin (14) and catechin (15) in elecampane root extracts. Syringic, cinnamic and rosmarinic acids were not found. Gallic acid (1) and 2-hydroxy benzoic acid (2) were mainly found in water extracts. Two early reports evaluated UAE with 95% ethanol and methanol for the extraction of chlorogenic and caffeic
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Natural Product Communications Vol. 12 (2) 2017 173 acids [2, 3] . These two phenolic acids possess a wide range of pharmacological activities [2, 20, 21] . Wojdylo et al. [20] found only caffeic, neochlorogenic, and ferulic acids in 80 % methanol UAE extracts [20] . However, our study showed the presence of only 5 phenolic acids in the UAE methanol extract and the absence of caffeic acid. This was detected only in water-containing solvents. Our findings for the presence of hydroxybenzoic, chlorogenic, neochlorogenic, p-coumaric, ferulic, and caffeic acids, and quercetin, epicatechin and quercetin-3-O-β-glucopyranoside in methanol elecampane extracts coincided with the previous TLC report [9] , HPLC [3, 20] and GC-MS analysis [21] . Moreover, the efficiency of UAE for extraction of phenolic acids was confirmed [3] . However, our results for chlorogenic acid were higher than other reports for UAE (40 kHz and 100 W; 30 min, solid-liquid ratio 1:20) [2, 11] . Surprisingly, we did not detect caffeic acid in the methanol UAE.
The current research revealed the efficiency of UAE for extraction of phytochemicals from I. helenium roots, especially inulin and polyphenolics. The resulting phytochemical profile of 70% (v/v) ethanol extracts demonstrates high biological activity with promising future application in food and cosmetics. Bulgarian elecampane roots were evaluated as a source of phenolic acids (mainly chlorogenic, neochlorogenic, caffeic, p-coumaric, sinapic and ferulic), different flavonoids (quercetin, kaempherol, myricetin and catechin) with high antioxidant activities, and also inulin with potential immunostimulating and other health beneficial properties.
Experimental
Materials: All chemicals were of analytical grade (Sigma-Aldrich, Germany). FOSs Frutafit ® CLR (DP 7-9) and inulin Frutafit ® TEX (DP 22) were supplied by Sensus (Netherlands). Dried elecampane roots were purchased from a local drugstore (voucher specimen Alin L 52), finely ground and passed through a 0.5 mm sieve. The moisture content, analyzed by AOAC 945.32 [23] , was 8.7%.
Preparation of plant extracts:
Methanol, 70% (v/v) ethanol and distilled H 2 O in a solid to liquid ratio of 1:20 were used for the extraction of phytochemicals from elecampane roots. UAE was performed in an ultrasonic bath (VWR, Malaysia, 45 kHz and 30 W) for 15 min, at 45ºC [24] . MAE was performed in a microwave oven {CROWN (700 W, 2450 MHz)} for 5 min at an average power of 541 W. The extraction process was repeated twice. The extracts were filtered, combined and used for further analyses. The results were calculated on the dry weight (dw) of plant material.
TLC analysis of sugars and fructans: Each extract (10 μL) was applied to a 10×20 cm silica gel 60 F 254 plate (Merck, Germany) with a calibrated glass capillary (BLAUBRAND ® , Germany). Thinlayer chromatography (TLC) was performed using the doubleascending method with a mobile phase of n-BuOH:iPro:H 2 O:CH 3 COOH (7:5:4:2) (v/v/v/v) that was developed over 4 and 8 cm, respectively. The TLC plates were dipped in diphenylamine-aniline-H 3 PO 4 -acetone (1:1:5:50) (w/v/v/v), heated at 120°C for 5 min [25] and scanned by HP Scanjet G2710 Photo Scanner [19] . Glucose, fructose, sucrose, 1-kestose, nystose (3 mg/mL) were used as standards (10 μL).
Fructans assay:
The total fructans content in elecampane root extracts was defined spectrophotometrically at a wavelength of 480 nm; results are expressed as fructose equivalents [19] .
HPLC-RID carbohydrate analysis: Extracts were evaporated to dryness. Each extract (10 mg) was dissolved in 2 mL distilled H 2 O, filtered through a 0.45 μm PTFE filter (Isolab, Germany) and then 20 μL was injected. Separations were performed on an HPLC (Shimadzu) with an analytical column {Shodex ® Sugar SP0810 (300 mm × 8.0 mm i.d.)} at 85°C, with a mobile phase of distilled H 2 O at a flow rate 1.0 mL/min. Peaks were identified by retention times with standards of inulin, nystose, 1-kestose, sucrose, glucose and fructose. The analyte concentrations were calculated as peak areas with reference to the calibration curves, prepared at 5 concentration levels (0.5, 1, 2.5, 5 and 10 mg/mL). The calibration plots showed excellent linearity (r 2 = 0.997) [26] .
Determination of total phenolic and flavonoids contents: Total phenolic content was determined with Folin-Ciocalteu's reagent [27] . Gallic acid was used as a calibration standard and the results were expressed as mg gallic acid equivalents (GAE) per g (dw) plant material. Total flavonoids were determined with Al(NO 3 ) 3 reagent at 415 nm [28] . The results are presented as mg equivalents quercetin (QE) per g dw plant material.
In vitro antioxidant activity:
The DPPH assay was performed as described [28] . The ABTS method [29] was used with some modifications [30] . FRAP assay was performed according to Benzie and Strain [31] . CUPRAC assay was according to Apak et al. [32] . The results are expressed as mM Trolox ® equivalents (TE) per g dry weight (dw) plant material [30] .
HPLC analysis of phenolic compounds:
The qualitative analyses of phenolic components were performed on an Agilent 1220 HPLC system (Agilent Technology, USA), equipped with an Agilent TC-C18 column (5 μm, 4.6 × 250 mm) at 25ºC and UV-VIS detector at 280 nm. Separation of phenolic compounds was performed with mobile phases 0.5% acetic acid (A) and 100% acetonitrile (B) at a flow rate of 0.8 mL/min [33] . Phenolic acids (gallic, 2-hydroxy benzoic, neochlorogenic, caffeic, p-coumaric, sinapic, ferulic, 3,4-dihydroxybenzoic, vanillic, and cinnamic, and flavonoids (quercetin, kaempferol, myricetin, catechin, epichatechin, quercetin-3-O-β-glucopyranoside) (Sigma) were used for calibration of standard curves. The phenol concentrations were calculated as peak area with reference to the calibration curves, prepared at 5 concentration levels (5 μg/mL, 20 μg/mL, 50 μg/mL, 75 μg/mL and 100 μg/mL).
Statistical analysis:
The data, expressed as mean ± SD, were statistically analyzed using MS-Excel software.
